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ABSTRACT:

PURPOSE: To increase power generating capacity by bringing gas
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from a

methanol reforming reactor into contact with prescribed adsorbents,

separating

adsorbed CO and CO<SB>2</SB> selectively, and sendmg refined

gas to a fuel

cell.

CONSTITUTION: When methanol reformed gas obtained from a

methanol reforming

reactor 1 is brought into contact with zeolite and activated carbon

under high

pressure, due to difference in adsorbing capacity between

H<SB>2</SB>, CO and

CO<SB>2</SB>, CO is adsorbed mainly to the zeolite, and

CO<SB>2</SB> is

adsorbed selectively to the activated carbon, and H<SB>2</SB> is

refined as

H<SB>2</SB> having high purity. Meanwhile, CO and

CO<SB>2</SB> adsorbed to the

^zeolite and the activated carbon are separated by lowering the

^Mw^pressure.
^*

Thereby, in the case adsorbing towers 15A and 15B filled with

adsorbents of the

zeolite and the activated carbon are arranged side by side by two or

more

systems and adsorption and separation are repeated alternately,

H<SB>2</SB>

having high purity can be obtained continuously.
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Specification

1. Title

Reformed methanol gas supply method for fuel cell

2. Claims

(1) A reformed methanol gas supply method for fuel cell that is characterized by possessing an adsorption

process, in which reformed methanol gas that contains carbon monoxide and carbon dioxide obtained from

a methanol reformation reactor is brought into contact with an adsorbent whose main constituents are

activated charcoal, silica gel, and zeolite to selectively adsorb the carbon monoxide and carbon dioxide in

said reformed methanol gas, and a release process that releases the carbon monoxide and carbon dioxide

from the aforementioned adsorbent, and by delivering the fuel gas obtained by the aforementioned

adsorption process to a fuel cell.

(2) The reformed methanol gas supply method for fuel cell in claim 1 that is characterized by delivering the

released gas obtained in the release process to the methanol reformation reactor for use as a heat source.

(3) The reformed methanol gas supply method for fuel cell in claim 1 or 2 that is characterized by providing

two or more adsorption process systems and always purifying the reformed methanol gas with at least one

or more of these systems.
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3. Detailed Description

<Field of Industrial Application>

This invention specifically pertains to a method for delivering reformed methanol gas to solid polymer

electrolyte membrane fuel cells that operate at relatively low temperatures.

<Prior Art>

Since they have the superior characteristic ofbeing capable of extremely high levels of energy recovery

compared with other energy facilities, fuel cells have tended to be utilized as relatively small-scale, building-unit or

plant-unit electrical generation plants.

In recent years, these fuel cells have been utilized as power sources for motors that operation in place of

internal combustion engines in automobiles, etc., and these motors are being considered to drive rolling stock, etc. A

crucial matter in this case naturally is as much as possible to reuse the substances produced by the reaction, and

since excessively great output clearly is not required since they will be used in cars, and the like, it is preferable that

they and all the associated equipment be as small as possible, and from these viewpoints, solid polymer electrolyte

membrane fuel cells are gaining attention. A power generation system is used in these solid polymer electrolyte

membrane fuel cells in which primarily reformed methanol gas obtained by reforming methanol is delivered to the

hydrogen electrode side of the cell body. The cell body here is comprised by bonding together gas diffusion

electrodes that contain catalysts on both sides of a solid polymer electrolyte membrane. The problem here is that fuel

cells that operate at low temperatures of 100°C are particularly susceptible to contamination by carbon monoxide

(CO). Since the catalyst is contaminated and generation performance is decreased when the reformed gas thus

contains CO, it is necessary to keep the CO concentration in the reformed gas specifically below 10 ppm in low-

temperature fuel cells.

Consequently, when reformed methanol gas is used in a solid polymer electrolyte membrane fuel cell, CO

shift treatment is performed, in which steam is added to the reformed gas and brought in contact with a carbon

monoxide shift catalyst to convert the carbon monoxide to carbon dioxide.

The following reversible reaction occurs in CO shift treatment:

CO + H20 — C02 + H2

in which case, the lower the reaction temperature, the higher the reaction pressure, and furthermore, the higher the

steam/carbon ratio, the more the residual CO concentration can be decreased. For instance, when CO shift treatment

is performed using a Fe-Cr catalyst with a reaction temperature of 200°C, reaction pressure of20 atm, and

steam/carbon ratio of 4, the residual carbon monoxide concentration is approximately 0.1% (1,000 ppm), but there

are a variety of restrictions if a small-scale fuel cell system is assumed, and so CO removal by CO shift treatment is

practically limited to 1%, more or less.
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Consequently, it is necessary to perform further CO removal after CO shift treatment in order to produce

reformed methanol gas specifically for use in a low-temperature solid polymer electrolyte membrane fuel cell.

A method has been proposed for that purpose in which the CO in the reformed methanol gas is selectively

oxidized (hereinafter, referred to as selective oxidation). Namely, this method oxidizes CO and changes it to C02 by

introducing air or oxygen into the reformed methanol gas.

<Problems to be Solved>

However, since H2 is also oxidized along with the CO by the selective oxidation described above, the

system unavoidably must be fairly large to reduce the CO to, e.g., 10 ppm or less using current catalysts.

Consequendy, around 100 ppm ofCO will remain for practical reasons.

Meanwhile, a method has been proposed in which air is introduced into the hydrogen electrode as a method

of regenerating the contaminated catalyst in the hydrogen electrode in a solid polymer electrolyte membrane fuel

cell. However, in this case, there is a greater proportion ofH2 oxidation than CO oxidation, producing the problem

of increased temperatures and high H2 losses.

Meanwhile, since reformed methanol gas contains large quantities of carbon dioxide besides the carbon

monoxide, there are also problems with the partial pressure ofhydrogen decreasing, lowering generation efficiency,

etc.

For instance, the reformation reaction when methanol is used as the raw fuel is as follows:

CH3OH + nH20 — (1 - n)CO + nC02 + (2 + n)H2

wherein 0 < n < 1

Consequently, the theoretical hydrogen concentration is, at most, 75 vol% in the fuel cell intake

concentration, and decreases to around 20 vol% in the fuel cell exhaust concentration.

This invention addresses these circumstances and its objective is to provide a reformed methanol gas

supply method for fuel cells that can decrease the carbon monoxide in the reformed methanol fuel to a trace amount

of, e.g., 10 ppm or less, while also eliminating carbon dioxide.

<Means of Solving Problems>

The reformed methanol gas supply method for fuel cells of this invention that achieves the aforementioned

objective is characterized by possessing an adsorption process, in which reformed methanol gas that contains carbon

monoxide and carbon dioxide obtained from a methanol reformation reactor is brought into contact with an

adsorbent whose main constituents are activated charcoal, silica gel, and zeolite to selectively adsorb the carbon

monoxide and carbon dioxide in said reformed methanol gas, and a release process that releases the carbon

monoxide and carbon dioxide from the aforementioned adsorbent, and by delivering the fuel gas obtained by the

aforementioned adsorption process to a fuel cell.

3
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<Action>

The reformed methanol gas is brought into contact with the zeolite and activated charcoal under high

pressure, because of the different capacities for adsorbing H2,
CO, and C02, the zeolite selectively adsorbs primarily

CO and the activated charcoal selectively adsorbs primarily C02 to purify the reformed methanol gas as high-purity

hydrogen gas. Meanwhile, CO and C02 adsorbed by the zeolite and activated charcoal are released by decreasing

the pressure. Consequently, high-purity hydrogen gas can be continuously yielded by providing two adsorbent

towers filled with the zeolite and activated charcoal adsorbents and alternately switching them between adsorption

and release.

<Example Embodiment

An example embodiment of this invention will be described below, referring to the attached figures.

Figure 1 is a schematic drawing that shows an entire fuel cell system implementing the method of this

invention.

In the figure, 1 is a shell-and-tube reactor comprising a shell 2 and a tube 3. The tube 3 is filled with a

catalyst that contains Cu, Zn, and Cr as methanol-reforming catalysts, and a water/methanol supply tube 4 is

connected to the inlet end of this tube 3. In addition, a fuel supply tube 5 and fuel air supply tube 6 are connected to

the shell 2 by means, respectively, of a fuel regulator valve 7 and an air regulator valve 9. Thus, the heat necessary

for methanol reformation is then obtained by passing the high-temperature combustion gas obtained by burning the

mixed gas of fuel and air inside the shell 2, and the cooled combustion gas is then exhausted from an exhaust tube 9.

Meanwhile, by obtaining this heat, the methanol introduced from the water/methanol supply tube 4 to the

aforementioned tube 3 comes in contact with the catalyst and reacts to produce reformed methanol gas, whose main

constituent is H2 .

A tube 1 1 is connected to the exhaust end of the tube 3 that guides this reformed methanol gas to a air

moisture separator 10, and a cooler 12 is installed midway in this tube 1 1. In other words, after the reformed

methanol gas being guided by the tube 1 1 has been cooled by the cooler 12, it is guided to the air moisture separator

10. The water separated in the air moisture separator 10 is discharged from a valve 13. Meanwhile, the reformed

methanol gas, with the water separated, is guided from a tube 14 to the adsorption towers 15A, 15B.

The adsorption towers 15A, 15B are respectively installed inside tubes 16A, 16B that branch from the tube

14, and valves 17A, 17B are respectively installed in the tubes 16A, 16B on the upstream sides, and valves 18A,

18B are respectively installed on the downstream sides, of the adsorption towers 15A, 15B. Additionally, splitter

tubes 20A, 20B, in which valves 19A, 19B are respectively installed, are respectively connected to tube 16A

between the valve 17A and the adsorption tower 15A, and to tube 16B between the valve 17B and the adsorption

tower 15B. Meanwhile, the tubes 16A, 16B on the downstream sides of valves 18A, 18B flow together into one end

4
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of a tube 22, whose other end is connected to the hydrogen electrode intake of a solid polymer electrolyte membrane

fuel cell body (hereinafter, referred to as the fuel cell body) 21. Additionally, a return tube 23, which returns exhaust

gas to the fuel supply tube 5, is connected to the exhaust side of the hydrogen electrode in the fuel cell body 21, and

a check valve 24 is installed on the end of the return tube where it connects to the fuel supply tube 5. Further, the

aforementioned splitter tubes 20A, 20B are also constituted to flow together midway along the return tube 23.

In addition, an air introduction tube 24 is connected on the intake side of the oxygen electrode of the fuel

cell body 21, and an air exhaust tube 25 is connected to its exhaust side to discharge unreacted air. Furthermore, a

coolant supply tube 27 that introduces coolant from a cooler tank 26 is connected to the fuel cell body 21, and a

pump 28 is installed along this coolant supply tube 27 to supply coolant. Additionally, coolant that has cooled the

fuel cell body 21 and has itselfbeen heated is discharged from a discharge tube 29, but after the temperature of this

coolant has been lowered by a cooler 30 disposed along the discharge tube 29, it is returned to the cooler tank 26.

In the system described above, methanol supplied to the tube 3 of the reactor 1 contacts the catalyst and

receives heat from the high-temperature combustion gas flowing inside the shell 2 to cause a contact reaction and

produce reformed methanol gas whose main constituent is H2 . After this reformed methanol gas has been cooled by

the cooler 12, water is removed by passing it through the air water separator 10, after which, it is guided to the

adsorption tower 15A or adsorption tower 15B.

The adsorption towers 15A, 15B here are filled with activated charcoal, silica gel, and synthetic zeolite

(Molecular Sieve: trade name), which adsorb and remove C02, CO, and the steam that could not be separated by the

air water separator 10. In other words, the reformed methanol gas is purified into high-purity hydrogen by passing

through the adsorption tower 15A, 15B.

With this invention, two adsorption towers 15A, 15B are disposed in parallel so that they can be alternately

used in order to continuously purify reformed methanol gas. First, e.g., by opening valves 17A and 18A and closing

the other valves, the reformed methanol gas is purified by adsorption tower 15A. Then, before the adsorbents in

adsorption tower 15A become saturated, valves 17A and 18A are closed and, at the same time, valves 17B and 18B

are opened to switch to adsorption tower 15B. Thus, the reformed methanol gas is guided to adsorption tower 15B

and purified. Meanwhile, adsorption tower 15A is regenerated while adsorption tower 15B is being used.

Namely, if valve 19A is opened, the pressure in adsorption tower 15A is decreased, releasing the C02,
CO,

and steam that have been adsorbed. The released gas then flows into the return tube 23 via the splitter tube 20A, and

is returned to the fuel supply tube 5. After release is completed, the valve 19A is closed, and then valve 17A is

opened to raise the pressure inside the adsorption tower 15A to operating pressure. The above is the regeneration

process, but this process must be performed so that it is completed before adsorption tower 15B becomes saturated.

5
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Next, valves 17B and 18B are closed and, at the same time, valve 18A is opened before adsorption tower

15B becomes saturated, switching to adsorption tower 15A, whereby purification is performed by adsorption tower

15A, while adsorption tower 15B is likewise regenerated.

High-purity hydrogen gas can be continuously yielded by repeating the above operation. Further, the higher

the pressure and the lower the temperature, the greater the capacity of the aforementioned adsorbents for adsorbing

C02 ,
CO, and steam, and the lower the pressure and the higher the temperature the more easily they are released,

therefore, high-pressure, low-temperature operation is effective for adsorption, while low-pressure, high-temperature

operation is effective for release.

When high-purity hydrogen gas purified in this manner is supplied to the hydrogen electrode, and air is

supplied to the oxygen electrode, in the fuel cell body 21, a cell reaction occurs at the various electrodes, generating

electricity. Further, the high-purity hydrogen gas that is not used in the reaction is returned together with the

released gas from the splitter tubes 20A, 20B to the fuel supply tube 5 via the return tube 23, as described above. In

addition, reaction heat generated inside the fuel cell body 21 is removed by the coolant circulated by the pump 28

from the cooler tank 26, as described above.

A typical example embodiment is shown below.

The tube 3 of the methanol reformation reactor 1 is filled with 5 kg of methanol reformation catalyst

(Cu/Zn = 50/50), and the adsorption towers 15A, 15B (two towers) are each filled with 4 kg, 1 kg, and 1.5 kg of

activated charcoal, Molecular Sieve (trade name), and silica gel, respectively, and the results ofpurifying reformed

methanol gas and supplying it to the fuel cell body 21 are shown below.

1) Methanol reformation reaction conditions

H20/CH3OH supply rate (mol ratio = 1.0/1.0) 5.9 kg/H

Methanol reformation reaction temperature 260°C

Methanol reformation reaction pressure 1 5 kg/cm
2G

2) The following reformed methanol gas was obtained by performing a methanol reformation reaction under

the above conditions.

H2 : 74.3 vol%, CO: 1.0 vol%, C02 : 24 vol%, CH3OH : 0.1 vol%, H20 : 0.5 vol%

3) Reformed methanol gas purification conditions

Methanol purification gas supply rate 9 m*N/H

Adsorption pressure in adsorbent-filled tower 1 5 kg/cm
2G

Adsorption temperature in adsorbent-filled tower Room temperature

Release pressure in adsorbent-filled tower Atmospheric pressure

Release temperature in adsorbent-filled tower Room temperature
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Adsorption/release switch time in adsorbent-filled tower 3 minutes

4) H2 purity of 99.999 vol% was obtained by performing reformed methanol gas purification under the above

conditions. As result CO, catalyst-contaminating constituent that bonds to both sides of the solid polymer electrolyte

membrane, was reduced to below the detectable limit of 1 ppm.

5) The results of supplying this purified gas to a fuel cell (121 cmVcell x 20 cells) and supplying air to the

other side and conducting generation tests are shown in Figure 2, Further, for comparison, a generation test was

conducted supplying a reformed methanol gas from which only CO had been removed by a past method to a fuel

cell body 21. It was understood from these results that power generating capacity of the fuel cell was vastly

improved by using the purified gas purified by this method.

<Effect>

Since CO contamination of the catalyst on the hydrogen electrode side of the fuel cell is prevented and

high-purity hydrogen is supplied by utilizing the reformed methanol gas supply method of this invention, as

described above, it is possible to improve generating capacity and to continuously generate stable power.

4. Brief Explanation of the Figures

Figure 1 is a schematic drawing that shows an entire fuel cell system utilizing the reformed methanol gas

supply method for fuel cells associated with an example embodiment of this invention and Figure 2 is a graph that

shows the results of generation tests when using the reformed methanol gas supply method for fuel cells of this

invention.

In the figure,

1 is a reactor,

2 is a shell,

3 is a tube,

4 is a water/methanol supply tube,

5 is a fuel supply tube,

6 is a combustion air supply tube,

10 is a air water separator,

12 is a cooler,

15A and 15B are adsorbent towers,

21 is a solid polymer electrolyte membrane fuel cell body, and

26 is a cooling tank.

Patent Applicant Mitsubishi Heavy Industries, Ltd.
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1 : REACTOR
2 : SHELL
3 : TUBE
4 : WATER/METHANOL SUPPLY TUBE
12 : COOLER
15A, 15B : ADSORBENT TOWERS
21 : SOLID POLYMER ELECTROLYTE MEMBRANE

FUEL CELLBODY
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Fig. 2

Reformed methanol gas purified by this

method (Example Embodiment)
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Reformed methanol gas (CO removed)
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